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Effective Shortening in Length of Glycolipid Nanotubes with High Axial Ratios
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A novel glycolipid, N-(11-cis-octadecenoyl)-B-D-glucopyr-
anosylamine self-assembles in water to provide monodispersed
and well-defined glycolipid nanotubes (LNTs) with a high-ax-
ial-ratio structure. Mechanical stirring of the LNT suspension
proved to convert the obtained long LNTs into short ones
(<10 um) in length, depending on the feature of hydrogen bond
network in the LNTs.

Recently, nanostructures formed by self-assembly of organ-
ic molecules (e.g. lipid, surfactants, peptide, etc.) are of consid-
erable interest since they have potential applications in materials
science and biotechnology.l_5 The morphology and the size of
self-assembled nanostructures are basically correlated with start-
ing molecular structures. Part of the self-assembled nanostruc-
tures provides high-axial-ratio nanostructures (HARNs).‘r”7 For
example, the length of glycolipid nanotubes (LNTs) ranges from
several tens m to several mm. However, the release rate of en-
capsulated substances depends on the LNT length in controlled
release system. Therefore, controlling the LNT lengths should
be of great scientific and technological importance. Middle-
(1um < L < 10 um) and short-length LNTs (<1 um) will pro-
vide connectors and components for sensor devices, respective-
ly. Several groups have reported how to control the length of
HARNs.® All these researches have focused on changing the
conditions of the self-assembly process such as mixed solvent,*
cooling rate,*® and addition of metal salt.*® To date all ap-
proaches have failed in obtaining short-length nanostructures.
In this communication, we report a simple approach to obtain
the middle and short LNTs using a mechanical stirring system.

In this work, we used a structurally optimized glycolipid, N-
(11-cis-octadecenoyl)- B-D-glucopyranosylamine 1 to form the
LNTs since the self-assembly in water can produce mono-dis-
persed and well-resolved LNTs in approximately 100% yields.
The morphologies and the size dimensions of the LNTs were ob-
served using scanning electron microscopy (SEM) and transmis-
sion electron microscopy (TEM). The obtained LNTs possess
high-axial-ratios (>1000) and the lengths are in the range of sev-
eral tens to hundreds um. The TEM observation clearly indicates
the presence of hollow cylinder tubular structures terminated
with completely opened two ends. The inner and outer diameter
distributions of the LNTs are very narrow, ca. 50 nm for the in-
side and ca. 200 nm for the outside.

To shorten the length of the long LNTs, we firstly tried the
cutting of the LNTs by sonication technique, which has been
widely used to shorten carbon nanotubes (CNTS).9 However,
we found this approach unsuitable for the soft LNTs because
of the destruction of a lot of LNTs. Thus, we developed a more
mild and effective method by means of a mechanical stirring sys-
tem,' and confirmed the shortening effect by TEM observation.

When we used water-filled LNTs, we found that the LNTs can be
cut to shorten by stirring probably due to their moderate mechan-
ical plroperties.1 L2

Figures 1a—1d showed typical TEM images and the distribu-
tion diagram for the length of the LNTs after stirring the suspen-
sion at 500 rpm for 10 min or 6 h. As shown in these figures, short
stirring time (10 min) produced relatively longer LNTs, whereas
6h stirring gave middle-length LNTs (1 < L < 10um). The
LNTs lengths proved to be controllable by varying two factors:
mechanical stirring time and stirring rate. By increasing the
stirring  time, we  obtained  middle-length  LNTs
(Figures 1a—1d). On the other hand, the middle-length LNTs also
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Figure 1. (a)-(d) TEM images and the length distribution of the
shortened LNTs at different stirring time at 500 rpm. (a), (b) after
10 min; (¢), (d) after 6 h. (e) plot of average length of shortened
LNTs vs. stirring rate. (f) TEM image of lyophilized LNTs after
stirring for 10 min at 500 rpm.
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can be obtained by increasing stirring rate. Figure le shows the
change in average lengths of LNTSs after stirring for 6 h at differ-
ent stirring rate. However, we found that no shorter LNTs
(<1 um) are obtainable by this way even if we take 12h or at
1000 rpm. Then we tried to apply lyophilized LNT powders
for the stirring system and eventually realized remarkable reduc-
tion in length of LNTs."? Figure 1f displays a high-magnification
TEM image of the cut LNTs under the condition of stirring rate
(500 rpm) and stirring time (10 min). The LNTs can be cut effec-
tively to shorten by stirring. We, thus, obtained the shortest
LNTs (600-800nm). The shortened lipid nanotubes (LNTs)
are stable. We didn’t find the increase in length after shortening
1 month in both these case of water-filled and lyophilized LNT.

We found that the lyophilized LNTSs can be cut shorter and
more quickly than the water-filled LNTs under the same stirring
condition (Figures la and 1f). This result suggests that the
lyophilized LNTs are so labile as to shorten due to the destruc-
tion of hydrogen-bond network in the lipid bilayers. Bound wa-
ter associated with interlayer hydrogen-bond network between
lipid bilayers seems to strongly contribute to the stabilization
of LNTs."* The FTIR experiment supported this suggestion (Fig-
ure 2a). The IR spectra of water-filled LNTs showed a sharp
peak at 3200cm~" due to the hydrogen-bonded OH stretching
of B-p-glucopyranosylamine molecule with water in LNTs.
However, in the IR spectra of the lyophilized LNTs, this peak
disappeared. This means that the water is removed through lyo-
philization. Therefore, the interlayer hydrogen-bond network be-
tween lipid bilayers is destroyed to facilitate the further shorten-
ing of LNTs (Figure 2b).

In summary, the present mechanical stirring of lyophilized
LNTs can provide a very simple and an efficient method to short-
en LNTs. This approach can also be applicable to other high-ax-
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Figure 2. FTIR spectra of water-filled LNTs (solid line) and
lyophilized LNTs (dotted line). 1: OH stretching of lipid 1 with
bound water; 2: NH stretching of lipid 1; 3: OH stretching of
lipid 1.
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ial-ratio organic nanostructures.
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